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wmmmL bbi? 

This Invention relates to proteases derived from strains of Saollfes sp, 
Mom specifically, the invention is directed towards a novel alkaline protease derived 
s from a strain of Baol/&'S sp, PD48B> as well as Isolated biologlqali^ pure cuitures of 
BBoUim sp. PD498, 

Moreover, fm invention is directed towards a i^ocess for ttie 
preparspn 61; ths protease, detergent acld!tl^?e$ ansJ <l!^efger^ cornposillons 
eomprisfng tte prpteass of the invention, ar!<l the use of tflis protease In washing 
10 processes* 

Detergent enzymes have been marketed for mors than SO years and 
are now weil established as norma! detergent Ingredients in both powder and liquid 
detergents all over the world. With the trend towards lower washing temperature, 

IS detergent enzyme consumption has increased during fete years, Eruyrhes used in 
washing formulattofls cornpn^e protests, lipases, amylases, celiuiases, as weli as 
other ©nzyrties, or mixtures heresst Qomrttarcialiy most importattr are proteases. 

Detergent proteases hspifs l3^en developed ^y isolation of prdte^sel 
found in nature foliowed by tasilng in d^rgant formu|atidns. Most detergent 

m proteases are obtained irom members; of the genus Sa0/^/y«. Cyfrer?tly new typ^ 
of proteases ^nter the market, olfsrifjg th© possiblifty of giving a batt^sr CGst/per- 
forrttanoe ratio at various specified conditions. 

Examples of comrnerolal protease produots are ALCALASE"^, 
ESPERASE^ and SAVINASE***, ail suppiied by Novo Nordisii A/S, Denmaric, These 

gs and similar enzyme products from other commercial sources arc active in detergent 
soiytionSj I.e. at pH values In trie range of froms 8 to 11 ar^d in the presence of 
s^questwlng agents, surfactants and bleaching agents such as sodium borate. The 
ALOALASE^ protaase is produced by strains of the Bp&<M& Bamlim imhmthmm. 
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The ESFEBASE^ ami SAVINA^E^ protsases am obSalrted l3y cultivation of stmins 
of alkalophlliG BadHL 

smmBY OF THE iriv£?»mpM 

Accofdintg to the pmssnt invention novel detergent proteases arf 

s provided. 

In its first aspect^ the invention provides a protease having an apparent 
molecylar weight of 34 KO as determined fejy S£)S~PASE, a pi of approxsmateSy 9.3, 
a pH optinium ^ t^te rang^ of pH determfhed at 2§''e (With casein as 
substi^t©), a teniiper^ture ppfmurn in the range of 4D-55*'C dstefmined at pH 0J 

IS Ivi^fi casein as substrate), and imrmihdphemisal prppterSes idfenpcai cr partially 
sdentical to those of a protease d^hvad ^m MofH0 $p, PD4$B, HOME ?*q, 40484. 

In another aspeet, ttie Inveritidn provides a prote#e hayii^ig aii 
apparent msleooiar weight of 34 kD as detarmined by SDS-PAOE, a pi of 
approximately 9,3, a pH optimum In the range of pi-l 9-1T deterTninad at 25*C (with 

IS easein as substrate), a temparature optifT^um in the range of 40-55''C determined at 
pii S.S (with casein as substrate), and being obtainable from a strain of Sac/Z/t/s $p. 
PD49S, or from another host organisrB esirf^ing tt)& gena anoodlng a protease 
haying immanoafiafnloa! prpp^ilias identical or partiaiiy identica} to those of the 
pfotaas0 deiwed from Ba0h$ 

gss In a third aspaot. the inyen^pn proi^des an isolatad bioldpcaily pure 

ciiSture of a strain of Bmifks m FD49a. in a more; spacfe aspect, a strain of 
BbosHus sp. PD498, NC1MB No. 40484, or a mutant or a variant thereof , te provided; 

In afpyrth aspect, the invention provides a process for the praparation 
of the protease, which prdsess oorhprises cultivation of a protease producing strain 

gs of 0ac/|&s sp, PD498 in a suitable nutrient medium, containing carbon and nitrogen 
sources and ifjorganic salts, followed by recovefy of the desired en^,yme. In a more 
Specific aspect, Bacillus sp. PD49B, MCIM8 No, 40484, or a mutant or a variant 
tharadf, or another host organism carrying the gene encoding a protease haying 
immunooharhioa! propaftias identicai or partiaiiy Identical totlioss of tiie protease 

se derived frorp B&cMim sp, is aiitlvated. 
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In a pti aspsst, the usa of tli& ensyoie as detargt nt anaym^ Is slaima^. 
In more spsdlfic sspedts, the iriventioii provldfe^ a^tergant^dditsves angi detergant 
composftions oompfiSing the protease of the in^ertipfi, yitimatel^f, the irivenioh 
relates to the use of t^s enzyme of the inysrstiofi in washing prossssas, 

§ BRIEF DESORiPiiOM OF Dmmmm 

ThB present invention m ferthsr iu^trated by rsference to the 
accdmpaoyliiQ drawEngs, In whic?h: 

Fig, i shows the t^^latioii betwei^n temperature and llie proteoi^Ic 
aeSylty of an enzyme sooording to the invention (the enzyme prepar^ion obtained 
Id acoordlng to Ex. 1, with 2% casein as eubstrats, deten^ined at pH 9,5; m BiM&, D 
Buffer -i- 0.1% SW); 

Fig> 2 shows tis ref^lon between pN and the prot©ol>*tsc aclMty of an 
enzyme aocordsng to the invention (the enzyme prepara^on obtained acoOf^ing to 
Ex. 1:, with 1% casein as substrate, determined at 2S'C): and 
5S Fig, 3 shows iiie washlr^g performance of an enzyme of the invention 

soriipared to a commercial detergent enzyme (D the enzyme preparation obtained 
acco^lng to Ex, 1; o Sawiaae'^*, Horn Nordi^k penmark), 

DETAM DiSClOSUFE OF THE J^r^PON 

The Microoraanism 

go The novel mlbrbor ganism of the invention, able to produce an enri/me 

of the Snyentlon, i^s ieblatod from a soii sample. BaoHIm §p, F0498 has be^n 
deposted according to the Sudapest Treaty' at HCIM8, under No. 40484, 

The microorganism o? this invention is an serobio, spore forming 
bacterium belonging to the genus BbcHIus, Morpiioiogscafly it can be described as 

gs motile rods with a diameter of QJ - 0,9 micron, and a length of 2 - 3 micron. The 
spores are round to eipsold, slightly sweiiing the sporangium, subterminal to 
t#mihal Optimum tempsmture for growth Is wi^ln 2§-3rCi, and optima! pH lor 
growth Is within ?-9, no growth at pH 9J, and no growth at SCfC. The mIOrQ- 
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orggrifsm forrris yellow colonies* roond and smooth, ori nutrient agar slants, and no 
dlSusfen of plgrnsnt toto the agar Is dbssrvedv 

C g|tlar Gliaract eristios of P0498 

The cellular characcteristlcs of the strain Baciflm sp. PD49S of the 
g Invention have been compared to those of the known BacHim sp, type strains 
deposited at Deutsche Sammlung von Mii<roorganismen isnd ZeBkulturen (SmbH, 
yascheroder Wag 18, D~^QO Sraunsehweig, Germany, 



PD 498 a, afeafapMt/s B. afmhphMus 

subsp, Hatedsrmus 



16 % Mapr f a%- Adds; OSM aa26 OSM 497 

C 15^1 fed 30 34 45 

Clt4 ISO 2 S 8 

i$Ci7anbbo 12 12 10 

Total unsaturated S 9 0 

Tot^l unbranched 4 4 4 

DNA-compositlon; 

mol%8-fC 48,8 44.1 

go the high 84 0 paroemage in the DNA of PD1 98 of the inventfor? is a 

major dif ©rence from all othsr alcaliphillc Badllus §tralris stsjcJted, 

Cuitivatjon of Jhg | j^laopr!: ^arfssm 

The mldrddf^snlsm of the Invantlon can be cultivated undar aarofolc 
conditions in a nutrient medium containing asslrnifeble carbon and nitrogen together 
25 Mth other esssntiai nutrients, the medium being cofBposed in accordance with the 
principles of the toown art. 
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Suitabte carbon sources stm carbohydmtss a§ sy^rps^, gSueost 
and starch, or earbohydmte cxsriteiiriing mst^rlpls s?ia:h as csreal grain, malt, dc® apd 
sdrghur^. TN carbohydmti^ coiicirtr^tion incofpofated In tha (Vadium rjiay vitry 
^^46&ly, 0,9. up to 2S% ^nd down to i~S'?4i but usoaily B^W% willbe sultabisi, tis 

s percentages bejng Cv^iculated as equsvaients of glucose. 

The nitrogen source In the nutrient medium may be of inorganic and/or 
orgar^ic nature. Suitable Inorganic nitrogen sources are nitrates and ammonium sails. 
Among the organic nitrogen sources quite a number are used regularly iri fermenta- 
tion processes irtvoMng the cuMyation of baotefrSa. Biustrathf® examptes are sdybaan 

10 meal, cdttorj ssed m^al,: peanut meal, casi@in, (X)f^ com steei> fiquor, yeast esdirac^, 
Mre4 ar^d afeumlh. (o addi^dn, the nijtrlerit madlum shpu^ usyaitrace 
substahsesi. 

Hie novel Ba0im speclas of this invention is slightly alkalophic. 
Therefore, t^f oultlyatlon is preferably conducted at slightly alkaline pH values, wHIob 
is mn fee obtalned toy addition of suitabia buffers suoh as sodium bicardor^ate, pH 9.0, 
after sterilization of the grov4h m>edlym. For sultivation in tanK fermentors si is 
h;8cessan>' to use arti^ciai aeration.. The rate of aeration is similar to that used in 
oon¥en|fonai tani< feroientation. 

After fermentation, liquid en2?^fT?e ooncentrates rriay be produced by 
^ removal of coarse material from tbe broth and, If desired, conoehtratlon of the broth 
by avaporatldn # lOw tem^rature dr by tdtrgiitratiort. Finally, pfeeervatlves may be 
added to the cdnoentrata, 

ISolId enzyrrje preparatidns may be prepared from the pyrifiad and/or 
eonoentrated broth by praelpitatlon with salts, ^eh as MSgSO* or water-mlsdble 
^ solvents, audi as ethand or aoetonex Bemoval of the water In the broth by suitable 
drying rnethods, such as spray-dr>1ng, may also be empioyad. 

Assay for Pmteoiv tio A^^^yity 

Tii« proteolyUc activity is determined witii casein as substrate. One 
Casein Protease Unit {CPU) is defined as the amount of enzyme iiberating 1 mM of 
m prtmary arr^ino groyps (determined by comparison with a serine standard) per 
minute under standard sondltions. I.e. irK;ui3atson for 30 minutes at 2S°Q and 0.5. 
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AfQidsf AF 228, de^eriNfig tHe anafytissssl^ upoi^ request M Novo 

Nordisk A/S, Denmark, whsch folder mdudmi by referenca 

The enz^'ms of the invention Is a novel detergw protease, II is an 
s alkaiin© protease, obtainable by cultivation of a microorganism of the Invention, 
preferably BacHlm sp, PD4$% UCMB No, 4D4S4, or a mutant or a variant thereof, 
In 8 suitable nytrlp^ medium, c^^ car bon and nitrogen sources and inorganic 
salts; The enEyme can also be dbtained by fecomblnsrjt l)I^A'^eohplogy. 

The protean© of tlis Ihvenion cars bp dfescnbed Ui# fOllovying 
10 characteristfe 

Ph ysical^-Ghemleet Properties 

The prbtease oithe wsntfon has an apparent mofecular weight of 34 
kD when determined by SDS-PABE. A p! of approxiniately "BS was deternilhed by 
isoelectric foouslr?g on LKB Amphoiine® PAG plates. The protease acflvity fe fehldited 

IS by PMSF, a serine protainasa inhibitor, EDTA and soybaan-protelo InliibltDr do not 
Wluerice tna protease activity.. 

The temperature activity relationship Is presented on Fig. 1 . The activity 
mm detefmlned with 2% caselfi as stibstrale at pH S,S in the preseftce (whlta 
squares) and absanca (biask squares) of 0.1% sodium trlpoiyphosphate iSTPF', a 

go cornmort Ingredient many commercial dstergents). THe assay for proteolytjc 
aotlvity dasenbed previoysly was used with Hie modilic^ion thai the Ihoubatldn 
temperature >^as vedad In the Int^al of from 15 to TS^C. It appears from the figure 
that ^e enzyme possesses protaoiyHc actlv^ from 15*0 to 70*0* and has a 
temperature optfrnum the range of from 40-65^0, around WC. 

The dependenee of activity on pH was datefmlnad by the same 
procedure, using buflors ad|ustecl to predetarmined pH values In the pH range of 
frOxm 6 to 11. Tlie result is shown In Fig. 2. It appears from this figure that the 
enzyme possesses proteolytlo activity in a very broB^ pH rang© of from below pH 
6 to above pH 11, with an apparent pH optimum In the range of from pH 9*11, 

30 around pH 10. 
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Furthermore, It was imnti that the protease of the Ifiwntion is stable 
for 60 rnihiites at2S*C3 uhder washing condltes when de^miinad siiHyrdpaah t^pa 

Im mynochtrrjicai Propertses 

s The protease of the Invantion has immunochemical properttes tdentteal 

or partialiy identteal (i,e< at least partialsy identteal) to thcsaa of a protaase dehvad 
from the strain 8ao/te sp. NCIM8 No. 40484, 

Tha immunoohemiaal propar^as cati be determlnad smmunDbg!c-all>' 
by cfsss-rea<stldfi Identity teats. The yim%^ t^sts can be pf rformed by tha mi- 

10 known Duc^erldny doubla (mmuhbdMioh prooadura or by tandam crossecl 
smmunoeleqtrQpteraals according to N, M, M&^00ni Handlsook of immurio*- 
precipttatlon'in-Oe! Techniques; B!ac^wo& SderitISc Publioaifons C^^^'^)' cfi^tere S 
and 14, The terms "^ntlgarjic identity^ and ''partial antJgenie Idsritity'* are desdribad 
in til© ©ame book, Chapters 19 and 

18 Monospscifio antiserum was generated according to tha abova 

msntioned method by immunising rabbits with the purified protease of the invention. 
Tiie frr^munogen was mixed with Freund's adjuvant and injected subcutaneousiy into 
rabbits every aacond week, Antiaarom was obtained after a total imhiunisiation period 
of S weal^, and imrnunioslobuifn waa prepared therefrom aa dasoribad by M M 

Oushterlony double Immuhcidlffusion iest^ ahdw^^ no cres^ reac^bn 
batwean the protfease of tha invantbn and t?a known elkaiirie senne proteases from 
Baoiilus apeofes, e.a. ALCAIASE^, SAViNASH^, ESPEimSE^, sybtiliain Novo 
(availabte from Novo Nordisk: A./i. Danmark), and KAZUSASEf** (aveiiabie from 

2s SHOWA DEMKO, Japan). 

Detey gent QQ maojjtions 

The datergsr^t composition of the invention mey comprise one or more 
syrfaotaota, which may be of an anIoniOs non-ionic^ oat~ionic, amphotafic or swifter- 
ior^c type, or a mlxtura of tiiasa. Typical eKamples of anionic syrfac^nts are iloear 
» alkyi banzana suifonates (LAS), aiky! sulfates i(A$|, alpha olefin aylfonates fAOS), 
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aicohoi ©thqx^ ^uifat^s (^ES) anel ^ik^li metal 0ait$ of natuml fatly aclcis. Exampfe 
of non-ionic surfactants are i^lkyi polyethylene glyool ettiers, ftonylphervol poiy- 
ethylene giyco! ethers, fatty acicis estefs cjf sucrose arid giueose, and esters of 
polyethoxylated alk^-i glycoside, 
g The detergent composition of ttm Inventldn may ilso oont^in dtlier 

determent ingredients known In the art such as builders, bleaching agsnts> bleach 
activators, anti-corrosion agents, sequestering agents, anti soikedeposition agents, 
perfumes, stabilisers for the enzymes and bieaching agents, formulations aids, 
opticalbHihtenars, fbamixjp eyeleting agents, fiers, fabric softeners, etc. The 
i« dat^rgent composition of the ihyerrfion may be fdrmuiSEEad substantially as dascfibed 
\n fs^b&, j. [F^ibe, Swrfacssnts m Gonsumar Froduots, Theory, Tacl^nbiogy and 
Appi^catloR; Springer Varlag 1:9$?, w# partiojlar tte eeetiPn antitiad "Frame far- 
mulatlons for liquid/powder Naayy'-duty detergaqts*^. 

It Is at prasant contampisted t?at tl^a detargarH: oprnpositlph of the 
IS invention fTiay contain the enzyrne preparation Iri m amount sorresponding to 
0;.0()p5-0.5 CPU of the proteolytic enzyme par litre of washing liquor. 

The detergent compositions of the invantion can be formulated in any 
convenient form, such as powders, liquids, etc. 

The deftergant composition of the invention may advantageously 
88 inclside one or more other ansymes, e,g, lipases, amylases, ceiuiases, oxidases, 
end/Of paroxidases, conyantionMy Included 'm datargePt compositior^v 

Tiie protease of the Invention may be ineluded m a detergent 
comppsitibn by ad<ing separata additiyescorttainlng the detergeht protease, pr 1:^ 
adding a combined additive comprismg different detergant ^n^^ymea. 

The additiva of the; inventbri can be formiilated e.g. as grenuiatea, 
liquids, slurries, etc. Preferred datergent additive formyiations are nonvdustlng 
granulates, liquids, in paniouiar stabilized liquids, slurries, or protected enzymes. 
Dust free granulates may be produced e.g. according to 68 Patent Publicaiicn No. 
1,362.365 or US Patent .No. 4,106,991, and may optionally be coated by methods 
30 known in the art. Tlie datergent enEyrnas may be mixed before or after granulation. 
Updid am.yirie preparations may, for Instance, be stabiilzed by adding a polyol sucii 
as e.g. propyien® glycol, a sugar or sugar alcohol, ladle acid or boric acid, 
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according to established metbods. Dth«r enzyme stsfeiliaefs am w§ll koo\?vn it^ tHe 
art. Frotedad ©nz^mes may b@ prepamd apcprding to ttie rtiathod disctosad in EP 
Patent Pubiication No. 2^8*21 C 

The invention is further illustfatad:1n-tis 'following examptes, whteh arf 
s not intended to be in any way iimftlng to ti>s scops of Invention as claimed. 

Sadism sp>< PD4:98 wiss cyitivated &t 2B% dn a rptgry shaking tab!^ 
(300 r,p.m>) if^ §Q0 mi baffied Erienmeyer tissks oontalni^^ 100 mlof rnedium otth^ 
fpf lowing cdmpdsltion (per fc): 



10 Potato staroh 100 § 

Ground badey SO g 

Soybean fiour 20 g 

Na,i-FO, X 12 H^P 8 g 

Piuronic^' 0,1 g 

ts Sodium oaseinate 10 g 



The stardi In the rrjadium is isquisd with a-amyiase, and the ntedium 
Is gtarlJIzed by h^Ming at 12CfO for 4S miniites. 

After sterlil^sUdn tha pH of the medium Is adjusted to 9,0 by addition 
of 10 mi of a 1 M solution of sodium bicarbonata. 

After 4 days of iticubatlon the proteolytic BcWty of Sie oulture was 
determined yging ths method described abov®. 

After cuStsvatfori: tfie enzyme activity of the broth was S CPU/i. 

After separation of the soiid material the protease was puried by a 
oonventional chromatographic method. 

Yield from S.5 i of cyltura broth was 31 mi with 120 CPU/l Purity was 
mora ttian 90% as judgecl fey both SDS-MGE and isoalectfle loousing. 
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Ths diamcteris^es of ties preparation prepared In ao^iordancs with this 
Exarr^pte hwe beed fiferresl to earlier In this spadfiC^tiori, and rafemnct is mada 
liereto. 

9 \^BBh Ferfof manc e 

The wash peflDrrnanoe tests were ascornplished on grass soiled 
mM&n, ®t 20*^0, feothermaliy for 10 minutes. 

tlie fasts ware pert brmad at enzyme txsncentrations Isetweers 0.02 a*id 
0.5 mg of eniJiyffte proteiri |>er istre, 

10 2.0 Q/! of a commarclal US powcler d U;&ed. Ibf dstafgerii 
was dissolved in ^ppmx, 6*dH (Ogrfr^^ri N$rdrte$s) water, arid pH was adjusted to 
04. the tex^i^/wasb itquor ratio was 6 g of textile per li^e of vsir^h Ummt 

BubBBqmtt to washing, the cfoths; w@f a fiushed^ in fmtif^g tap water 
snd a'irdned. The remissk3r»-(%B) at 460 nm was detefmined, 
is As 3 measure of ti^ wash perfonrsance differential remission, AR, was 

used being equal to the remission attar wash with, ensyma added, minus the 
rarnisslon after wash with no amyme a66Bd. 

The results ot tfnese tests are shown In Figure 3. It appears from the 
flgyre tfiM th# protease of the inventiDh pbssesse$ good washaplity. 
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Xn respect of •those 4«stgiraa'fcions iri whiaft a Etirops^n 
patent is Bouqht^ a sample of the deposited micro- 
organism will be. xsadsi av~aiiafoX<e only i3>* •tije iss^e of 
sucfe a sas?5pie to an «;xpert nomimte«3 toy fch® persori 
re«|u©stin9 tlie sample (Rule 2S(4) BPC) ijntii th^ 
pt533licati<3B of the tmntion of the grant of the Euro- 
p«ian patent or \mtii the dat© on" vhxch tbe appli- 
cation has been ref^jsed or is deemed to Js® withdrawn* 



it. »iS»»»»«Ar«S STATS* W8>ftHS«»l«*TS9«*A(^« * if»aBj^» .*« !(«H«f *« 
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(a) An apparentmoleoiisr weight pf 34 kP (determined by SDS'F#iGE| ; 

(b) pS of approximately 9.3; 

s (c) pH optimum m thB range of pH 9-1 1 {at 25*Q and with casein as 

substrate); 

(d) Tamperaturo optimum m the rafig® of 40-SS"G (at pH 0J and vyith 
casfeiri as substrate); ari0 

(0) Immsinoch^mlcai pi-opsi^is^^ p^yiy jderillcel to those 

iQ of a pmte#e dewes^ from the stm^ PP498, HCIMB No, 4G484, 

2. A protease according to claim 1, being obtababie from e strain of 
Baoffim sp, FP48S, Qf ft<m molhBt host organism cerrylhp #ie gene encoding a 
protease having fmmunochamtcal proparUss iden^cal or pariiai!^ Identioa! to those 
of the protease derived from the strain Bacilius sp. P0498, HCMB No,. 40484.; 

m 3, The protease of claim S, being obtainable from the strain BmiMm &p. 

PO40S> MCiyB Ho. or a mutapl or a valant thereof, 

4. Anisoiated biologically pure oMjm of a strain pi Sa^/te sp. PP498, 

& A oMme accorcHng to c\mm 4, the strain bain§ 0ac?/te PD40S, 
No, 40484, of a mutant or a variant thereof. 

^ 6. A process for the preparation of a protease adcording to any of 

olaifTis 1-3, which process comprises cultiva^on of a protease producing strain of 
B&oiIkj$ sp. PD498, or another host organism crying the gens encoding a 
protease having if^munoehemioat properties identlcai or partialiy Identical to those 
of the protease derived from the strain Bacifim sp, PD4S8» NCIM8 Ho. 40484, In a 
sutable nutrient medium containir^s carbon end nitrogen soyrces and Inofgapic 
salts, fellowed by recovery of tie desired emyme> 
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7, A process asoof ding t<3 claim 8, In whish tht strafe BadUus sp. 
PDAm, NCIMB No. or a mutant Of a variant thereof, fs euitivattcf. 

8. A detergent additive comprising a protease according to any of 
claims 1-3, provided in the form of a non~dusting granulate, a liquid, in pasliculaF a 

s stabilised liquid, slurry, or a protected enzyme, 

8, A deterpant c«3?Tipd^ltloft comprlsingi a protaas^ according to any of 

dalms 1-3y 

1d> A datergsr^t sjpmpositldn accordjnp to dfelm S, which forlher 
compnaas one of riidrfe other enzymaai, in particular amylases^ lipases, oellulasas. 
10 OKidases, and/or peroi^ldases. 

11 . A waehlrig iproesss con^prising addition of a protease according to 
any of claims 1-3. 

12, A washing process according to clsim l l, co«i|::^lspg addition of 
a d^Qsnt additive recording to claim a. 



IS 10. A washing process according to cialm i 1> comprising addstiorr of 

a datargant cdmposltiCfn acoordfRQ to althar of olaims 9«iO, 
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